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Introduction  

Regular physical activity (PA) is essential for optimal growth and development of children. It 

improves cardiovascular, metabolic and bone health; reduces adiposity and can also reduce symptoms 

of depression and anxiety and improve cognitive function, including academic performance (Janssen 

and LeBlanc, 2010). Insufficient PA alongside unhealthy eating habits is one of the main contributors 

to childhood obesity (Janssen and LeBlanc, 2010). It seems that there is more to the association of PA 

and weight than simply counting the calories expended (i.e., quantifying the volume of PA). 

Nevertheless, it has been established that an obesity intervention has very little chance of success if 

the PA component is not included (Oude Luttikhuis et al., 2009). On the other hand, accumulating 

evidence points to the fact that sedentary behaviour is not interchangeable with PA. Consequently, 

we cannot expect sedentary behaviours to decrease simply by increasing PA (Tremblay et al., 2011). 

Still, policies aimed at reducing sedentary behaviours have not been frequently designed and 

evaluated. Although both PA and sedentary behaviours affect daily energy expenditure, it seems that 

PA has a greater effect on weight control, but it is less clear whether the effects are additive. 

Furthermore, it is not clear whether favouring vigorous activity with consequent gains in fitness 

outperforms other, less intensive, interventions. Although there is little doubt that PA, physical fitness, 

and sedentary time are independently related to premature death and poor health, there is an 

ongoing debate as to which of these (if any) should have precedence within public health strategies 

(Bouchard et al., 2015). The concepts and interrelations of these terms are explained in Box 1. 

 
BOX 1. Physical activity, physical fitness and their interrelations 
 
Physical activity in the broadest sense refers to any bodily movement produced by skeletal muscles 
that requires energy expenditure. Still, at least moderate intensity (e.g., walking) is required to 
improve health. It includes activities during leisure time, to get to and from places, or as part of a 
person’s paid or unpaid work. 
Physical fitness is defined as the ability to carry out daily tasks with vigour and alertness, without 
undue fatigue, and with ample energy to enjoy leisure-time pursuits and to meet unforeseen 
emergencies. Fitness components that relate to health are cardiorespiratory endurance, muscular 
strength, muscular endurance, flexibility and body composition. 
Sedentary behaviour is any waking behaviour characterized by low energy expenditure while in a 
sitting, reclining or lying posture.  Common sedentary behaviours include TV viewing, video game 
playing, computer use (collective termed “screen time”), and reading.  
Physical education is an academic subject designed to develop the knowledge and behaviours for 
physical activity, physical fitness, and motor skills in students. Physical education improves physical 
literacy and provides life skills that encourage students to be active and fit not only in childhood, but 
also over the life course. 
 
The association of physical activity and physical fitness is bidirectional. While adequate amount and 
intensity of physical activity are required to maintain and improve fitness, high fitness levels are 
thought to promote physical activity through facilitating enjoyment. 



 

Obesity, PA and sedentary pursuits are complex phenomena that require population-based 

solutions. For children, schools are frequently identified as an ideal setting for introducing lifestyle 

change and the prevention of weight gain. In most countries, school is obligatory, at least by mid-

adolescence; hence, all children can be reached, which makes schools a perfect setting to reduce 

health inequalities. In addition, children spend a significant portion of the day in school. Because 

academic activities are mostly sedentary, ample opportunities for PA should be provided to increase 

energy expenditure and introduce the well-known benefits of PA for health and academic 

performance. As schools enable universal reach and represent an ideal setting for obesity prevention 

policies the STOP research mainly focused on school related PA. Over the last twenty years we have 

witnessed an accelerated increase in the quantity of interventions to increase children’s physical 

activity worldwide. Yet, these interventions have had only a small effect on children’s total activity 

volume (Dobbins, 2013, Metcalf et al., 2012). Policies on PA have been mostly fragmented, included 

just one domain and have failed to rely on a multi-stakeholder approach.  

Concerns for children’s physical fitness, obesity and well-being have increased with the recent 

emergence of COVID-19 pandemics and related containment measures that have changed our lifestyle 

in an unprecedented way for which long-term consequences are yet to be seen.  

 

Our work within the STOP project was designed to bridge current research gaps, was focused on 

school PA policies and was aligned with four specific aims: 

1. examine and compare policies on 2 distinct though interrelated factors influencing children’s PA: 

a) active transport to school and b) built environment; 

2. collate evidence on strategies to increase energy expenditure and compare the effectiveness of 

policies aimed at enhancing fitness, increasing PA or reducing sedentary behaviour and examine 

whether one of these concepts should take precedence in public health; 

3. investigate the costs and the effectiveness of a scaled-up, real-world, school-based PA 

intervention on obesity prevention and assess the barriers to implementing it in 5 different 

European settings; 

4. examine the short-term and mid-term effects of COVID-19 related movement restrictions on 

physical fitness of children and adolescents leveraging data regularly collected through a national 

physical fitness surveillance system in Slovenia; 

In line with these aims, the objective of this paper is to provide a collective summary of the innovative 

research on PA policies conducted within the STOP project divided into 4 sections on: 1) active travel; 

2) school-based PA interventions; 3) Physical Education interventions studied through the Healthy 

Lifestyle Intervention case study, and 4) trends in physical fitness during and after the COVID-19 

related movement restrictions. 

 

Active travel 

Under this policy area we addressed two different, but linked, topics: the evaluation of the 

effectiveness of active travel interventions tailored for children and adolescents and the analysis of 

the factors hindering or promoting active travel of youth. We conducted a systematic review of the 

literature and identified 53 individual studies addressing active travel in children (35 for effectiveness 

of interventions and 18 for facilitators and barriers) (Sorić et al.,2018). We found that active travel 



interventions are generally effective at increasing active travel to school, although caution is 

warranted because of both high heterogeneity in terms of intervention type and duration, outcome 

measures, follow-up duration, or study locality, and generally high risk of bias. In sum, 31/35 studies 

reported an increase in active transportation to school following the interventions; however, the 

degree of change varied. In about half of these studies 10-20% of children switched to active travel, 

40% of the studies found that over 20% of children switched to active transport, and in 10% of studies 

less than 10% of students changed their mode of transport. Of note, most of these studies involved 

primary age children, while the evidence for adolescence was scarce and inconclusive.  

Environmental factors found to promote AT include safety, social interactions, and the 

presence of facilities to assist walking and cycling. Distance from school was a hindrance to the 

relevance of AT interventions for home-school journeys, a radius of no more than 1.5 km by foot 

(about 15 minutes) / 3 km by bicycle was the limit. As stressed above, factors like the built 

environment characteristics, the parents’ perception about the safety and security of the home-school 

journey, the socio-economic status of the families, the parents’ sensibility to the children physical 

activity and other minor factors, play an important role in the choices of the modes of transport, but 

they are only all relevant if the home-school distance is considered affordable. It is also important to 

note that the ‘acceptable’ duration of an active trip depends on the country where the children live. 

As moderators of intervention effectiveness vary according to the part of the word where 

these measures have to be implemented, it is imperative they are designed in accordance with local 

cultures and behaviours taking into account the related country contexts.  

 

School-based PA interventions  

Schools enable universal reach and represent an ideal setting for obesity strategies. We 

performed a systematic search of the literature to compare the effects of interventions that targeted 

sedentary behaviours or PA or physical fitness on primary prevention of obesity in 6- to 12-year-old 

children (Podnar et al., 2020). The search identified 146 reports that provided relevant data for meta-

analysis. Most studies focused on PA, followed by physical fitness, with or without trying to reduce 

sedentary behaviour. The number of studies that targeted exclusively sedentary behaviour was very 

small and precluded meta-analysis in this segment. 

Across all studies combined there was a reduction in Body Mass Index (BMI) ( −0.16 kg/m2, 

95% CI = −0.25 to −0.07), for children in the PA intervention group. Next, point estimates for changes 

in % body fat were higher for fitness interventions compared with PA interventions (standardized 

mean difference = −0.11%; 95% CI = −0.26 to 0.04, and −0.04%; 95% CI = −0.15 to 0.06, respectively). 

These small effects have limited clinical significance, but it should be considered that intervention 

effects are probably underestimated because of the well-known limitations of BMI in distinguishing 

fat from fat-free mass on one side and the large measurement error of commonly used methods for 

assessing body composition on the other side. Including sedentary behaviour to a PA- or fitness-

oriented intervention was not accompanied by an increase in intervention effectiveness, as the point 

estimates were slightly smaller compared with those for PA- or fitness-only interventions. Overall, 

intervention effects tended to be larger in girls than in boys, especially for PA + sedentary behaviour 

interventions. There was some evidence for inequality, as the effects on body mass index were seen 

when interventions were delivered in the general population (standardized mean difference = −0.05, 

95% CI = −0.07 to −0.02), but not in groups of disadvantaged children (standardized mean difference 

= −0.01, 95% CI = −0.29 to 0.19). Parents of this group of children are very hard to reach and therefore 

schools should remain a focus of public health policies aimed at reducing health inequalities.  



All in all, we found that school-based PA interventions produce small shifts at the population 

level that can incur significant public health benefits by reducing weight gain in healthy weight 

children. Equally, these programmes appear to be very safe, with low injury rates being reported. The 

most effective approach includes combining episodes of PA with educational content to increase 

knowledge and change attitudes about PA. Programmes that span over at least one year, include a 

diet component, involve parents, improve physical fitness, and extend to the home and community 

setting appear to be the most promising approach. However, raising awareness about the downsides 

of sedentary behaviour in addition to promoting PA did not provide additional benefits for obesity 

prevention so far. Nevertheless, given the unprecedented increase in exposure to screens faced by 

children, it is of paramount importance to invest in new, more effective strategies for controlling the 

time children spend in front of screens.  

 

Physical Education Interventions  

School-based PA interventions have been verified as an effective strategy in the primary 

prevention of childhood obesity and Physical Education is the cornerstone of PA policies in schools. 

Although the beneficial health effects of initiating PA intervention programmes during childhood are 

well documented, most of this evidence comes from short-term efficacy trials conducted in well-

controlled settings, usually without implementing large scale, or scalable, population-based 

approaches. On the other hand, a greater impact on population health can be achieved only if 

interventions are successfully up scaled to population level. The current lack of successfully 

implemented school-based PA interventions in real world settings impedes the fight against childhood 

obesity pandemic. To this end, we leveraged a natural experiment in Slovenia and calculated the costs 

and effects of a real-world, nationwide, PA intervention that delivered 2-3 extra hours of Physical 

Education to 6-14-year-old Slovenian children over 8 years (Jurić et al., 2022). We compared over 

34,000 participants from >200 schools to a similar number of nonparticipants from the same schools 

and used Generalized Estimating Equations to estimate the effects of differing exposure to the 

programme on BMI in children with normal weight, overweight or obesity at baseline. A summary of 

these analyses is shown in Box 2. 

 

Box 2. The costs andeffects of Healthy Lifestyle Programme – a population-wide Physical Education 

intervention in Slovenia 



 
 

Effectiveness 

We found that BMI was lower in the intervention group, irrespective of participation duration, 

or baseline weight status. The difference in BMI between intervention and control group increased 

with programme duration, with maximal effects seen after 3-4 years of participation, and effects being 

consistently larger for children with obesity (peaking at 1.4 kg/m2; 95%CI=1.0-1.9 for girls with obesity, 

and 0.9 kg/m2; 95%CI=0.6-1.3 for boys with obesity). It should be noted that the effects were 

consistently the greatest in children initially presenting with obesity, such that the programme was 

able to benefit children needing support the most. In the context of obesity treatment, the 



programme started to be effective in reversing obesity after 3 years, while the lowest numbers needed 

to treat (NNT) were observed after 5 years (NNT=17 for girls; 12 for boys). In sum, our study indicated 

that to be effective at reducing obesity for children of both sexes aged 6-14, the intervention should 

probably last a minimum of 3 consecutive years, without funding interruption as we have observed 

that even a temporary disruption attenuated long-term effectiveness of the Slovenian programme. 

Hence, policy makers and funding bodies should be aware that obesity is a chronic condition that 

needs to be dealt with over a longer time frame, and that easy solutions and immediate effects are 

neither realistic, nor sustainable.  

Cost-effectiveness 

On the other hand, the cost analysis of the Slovenian population-wide PA programme 

revealed that the annual costs per person (<€70) was among the lowest reported costs of 

interventions targeting childhood obesity (Starc et al., 2021a). Furthermore, we found that additional 

Physical Education contributed to a smaller increase in BMI compared to no intervention, at a cost 

between €124 and €774 per BMI unit reduced. Similarly, we also showed that 1- and 2-year exposure 

to intervention had low cost-effectiveness for reversal of obesity, but that programme lasting over 3 

years were much more cost-effective. The highest cost-effectiveness of obesity case reversed was 

seen after 5 years of the programme and totalled €680 per obesity case reversed in boys and € 2,219 

in girls. Across all programme durations, cost effectiveness on BMI units decrease and obesity cases 

reversed was higher in girls than in boys. Finally, simplified simulations using predicted 10-year 

medical costs of obesity showed that 5-year programme of additional PE would provide return on 

costs after less than 2 months and that all programmes lasting over 2 years would become cost-saving 

in less than a year.  

Barriers to a wider implementation in EU context 

Even though educational systems of European countries pursue similar goals and try to 

provide children and youth with competencies that enable independent, healthy, and productive life 

in adulthood, there are many specifics in every national, and sometimes even regional setting. This 

means that every educational system may also have specific barriers or facilitators regarding the 

implementation of various interventions. Hence, we examined the potential barriers to transferability 

of a similar Physical Education intervention to 5 different settings across Europe (Starc et al., 2021b). 

The focus of this assessment are the objective conditions in which a PA intervention programme, 

similar to the Slovenian Healthy Lifestyle, could function, while at the same time acknowledging the 

specifics which could present an obstacle in the implementation of the intervention. We designed a 

tailored questionnaire and distributed it to five public health institutes located in Italy, Finland, Spain, 

Portugal, and Estonia. We sought data on school PA practices and governance (e.g., number of hours 

of mandatory Physical Education classes, human capital, opportunities for PA in school, school 

infrastructure etc.) 

Perceived barriers to implementing a population-based supplementary Physical Education 

programme ranked by importance are depicted in Figure 1. 



 
Figure 1.  Examined obstacles to population-level implementation of a Physical Education 

programme similar to HLI in five other European settings (Italy, Finland, Spain, Portugal, and Estonia). 

Obstacles are ranked by perceived importance (red denotes the highest importance and dark green 

the lowest importance) 

 

The communication with experts from educational field of the included countries revealed 

that potential lack of funding was the most prevalent perceived barrier. There was an overall 

agreement that large-scale PA interventions would be feasible if the funding was ensured. The 

prevailing opinion was that all other possible barriers could be bridged if the funding was secured. The 

sentiment of a lesser importance of PE in comparison to other “academic” subjects was observed in 

all surveyed countries which shows the widespread persistence of the idea of separation between 

somatic and cognitive development of children. Although this idea has been refuted by scientific 

evidence it could affect the acceptance of PA intervention programmes and could render them 

unimportant. This also depicts the need to better educate wider public about the numerous benefits 

of regular PA for children’s development. Next, in comparison to Slovenia, all five involved countries 

are also facing the problem of suboptimal availability of sport infrastructure in school settings. This 

shows that national and local governments have not yet succeeded in providing equal opportunities 

for somatic and motor development to all children, which means that a potential PA intervention 

could be hindered by unavailability of sport facilities and equipment. Other potentially important 

barriers include too high school workload and the lack of competent personnel.  

All in all, this stream of STOP work confirmed that strategies to improve the quality and 

provision of PE should be prioritised as a cost-effective solution to improving the health and wellbeing 

of children across Europe.  

Children’s fitness and COVID-19 

COVID-19 related containment measures have changed our lifestyle in an unprecedented way 

and the long-term consequences are yet unknown. Children’s opportunities to engage in daily physical 

activity were dramatically reduced, hindering their optimal physical and mental development 

potential. In response to the COVID-19 pandemic, STOP conducted unplanned innovative research in 

an emerging field: the effect of pandemic-related movement restrictions on children’s physical fitness 

and physical development. We designed two distinct cohort studies and used data collected through 

Slovenian national physical fitness surveillance system (SLOfit) in 4 waves: before the pandemic in 

spring 2019, after the first school lockdown in spring 2020, after the second lockdown in spring 2021, 

and finally in spring 2022, one year after the ending of movement restrictions. 

In the first study we examined differences in physical fitness development dynamics over one 

year between children affected by the COVID-19 mitigation measures and their peers who were 

growing-up in Slovenia in the pre-pandemic period (Grašić et al., 2022). In this cohort study, we used 



population data from two consecutive birth cohorts of children in the first triennia of primary school. 

We employed a difference-in- difference (DiD) regression framework to compare changes in indicators 

of body composition and physical fitness in the first three grades of two cohorts of children, those 

affected by the mitigation measures of the first wave COVID-19 pandemic while attending 3rd grade in 

2020 (n=5,045) and those from a preceding 2019 cohort, who were in grade 3 before the pandemic 

(n=13,465). We found that children affected by the COVID-19 mitigation measures experienced 15·6% 

decline of general physical fitness in grade 3, while the control cohort at the same time improved by 

3·3% (DiD coefficient -10.08 percentiles [95% CI –11.29 to -8.88]). The larger increase in BMI and 

subcutaneous fat from grade 2 to grade 3 seen in the affected cohort also resulted in 2.7-times larger 

annual increase of obesity (DiD coefficient 0.013 % points [0.007-0.020]). All individual fitness 

components in the affected cohort significantly deteriorated, whereas in the pre-pandemic control 

cohort they remained stable or improved. The drop in general fitness among the affected cohort was 

twice higher for children in the fitter terciles compared to the least fit children.  

In the second study we examined changes in physical fitness in response to COVID-19 imposed 

restrictions, but also a year after the restrictions were terminated, and compared these trends 

between boys and girls living with normal weight, overweight or obesity before the pandemic 

(Martinko et al. 2022). We followed 41 787 children (girls: 20 116, age=5-14) who had their fitness 

measured annually from 2019 to 2022. Raw data were translated to centile values using national 

standards and a multiple group latent growth model was fit separately for boys and girls to compare 

trends in total fitness index (TFI; calculated as the average centile of 9 fitness tests and BMI), body 

composition, cardiorespiratory fitness, and muscle fitness in children with normal weight, overweight 

or obesity before the pandemic. Models with quadratic slopes performed best for all fitness 

components, indicating a non-linear change over time (p<.001 all). In all groups combined TFI dropped 

sharply in both girls and boys over first two years (-7.8 and -8.6 centiles, respectively), and then 

recovered mildly between 2021 and 2022 by 3.5 and 4.7 centiles, respectively (all p<.001), still ending 

up at a much lower level in 2022 vs. 2019. When comparing trends by weight status, we saw similar 

magnitudes of both downward and upward trends in TFI among children with normal weight and 

overweight. On the other hand, children with obesity exhibited a smaller decrease in average TFI 

centile compared to their peers with normal weight (boys: -3.8 vs. -9.0; girls; -4.9 vs. -8.1, p<.001), but 

also a slightly better recovery afterwards (boys: 3 vs. 4.8; girls: 2.0 vs. 3.6, p<.001). Identical between-

group patterns were observed for cardiorespiratory fitness, upper body strength and body 

composition. For trunk strength we found a more pronounced decline and slightly better recovery in 

boys and girls with obesity compared to other two groups, while for lower body strength both 

downward and upward trends were of similar magnitude in all groups.  

 

Conclusions 

• Active travel: interventions focused on increasing active travel for school journeys are successful 

in primary age children, while the evidence for adolescents is still inconclusive. However, distance 

from school is a major barrier, a radius of no more than 1.5 km by foot (15-16 minutes) / 3 km by 

bicycle seems to be the limit. Environmental factors found to promote active travel include 

safety, social interactions, and the presence of facilities to assist walking and cycling.  

• School-based PA interventions appear to be an effective strategy in the primary prevention of 

childhood obesity among 6- to 12-year-old children, but targeting sedentary behaviour in 

addition to PA or fitness does not seem to increase the effectiveness of the intervention. 



Preliminary evidence points to lower effectiveness of current PA programmes delivered 

exclusively to socially deprived children. 

• PE intervention that provided 2-3 additional lessons per week remained effective in the 

prevention of obesity after scaling-up to the population level. The greatest effect was present in 

children initially presenting with obesity, such that the programme was able to benefit children 

needing support the most, while the number needed to treat for obesity reversal decreased with 

intervention duration, emphasising the need for long-term PA programmes. 

• The most prevalent barriers to implementing additional PE seem to be lack of sustainable 

funding, low perceived importance of PE in the educational system, and inadequate 

infrastructure for physical activity in schools. Other potentially important barriers include high 

school workload and the lack of human resources.  

• The COVID-19 pandemic restrictions had a profound negative effect on children’s physical fitness 

and childhood obesity has increased dramatically. The dramatic drop of physical fitness hasn't 

recovered anywhere near the pre-pandemic values by 2022. All this calls for urgent population-

based policies that will provide ample opportunities for children to engage in PA. 

Directions for future research 

✓ More long-term evaluations of population-wide PA programmes are needed, especially over 

the long term;  

✓ PA Interventions have varying impacts in different people. Future studies should move away 

from the prevailing concept of "Average treatment effects“ and try to understand better 

treatment heterogeneity; 

✓ Effects of PA programmes might differ by socio-economic status. We currently lack robust 

head-to-head comparisons of effects to describe these and other potential effect modifiers; 

Implications for future childhood obesity policy agenda and related challenges 

✓ Schools need to remain the priority setting for PA policies as they guarantee universal reach  

✓ School-based PA programmes need to be inclusive  

✓ Cultural adaptation and flexibility are needed when transferring PA programmes to different 

environments for maximising its effects 

✓ School-based PA policies should remain comprehensive, but more weight should be given to 

structured PA delivered by competent teachers 

✓ Development of systematic fitness surveillance should be supported. These systems should 

be used both for health literacy and fitness improvements on an individual level and for policy 

creation and evaluation on societal level. 

✓ We need to raise awareness of policy makers about the need to extend time-horizons of PA 

policies and related funding mechanisms. 
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